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SUMMARY

The polar parabolic equation (POPE) method solves for the diffraction of sound by a curved surface
including a realistic sound speed profile. POPE is outlined briefly to describe diffraction which propagates the
field over a hill. Experimental data are compared with POPE predictions using the measured sound speed
profile and ground impedance. Two trial cases are considered for the comparisons: the helicopter located at
the base of the hill and far away from the base of the hill, respectively. The physical mechanisms for sound
- propagation over a hill are examined with and of POPE calculations and experimental data. The shedding of
rays from the hillside gives an interference effect with a wave along the flat surface beyond the base of a hill.

INTRODUCTION

The parabolic equation method! (PE) is a useful tool for outdoor sound propagation over flat, open,
locally reacting ground surface with a realistic sound speed profile. The polar parabolic equation method is an
extension of the PE method to solve non-line of sight sound propagation outdoors. POPE2 introduces new
coordinate systems into the PE to explain diffraction over a curved surface such as a hill. The coordinate
system in POPE consists of the distance along the ground surface and the height perpendicular to the ground at
any point. To introduce this coordinate system, the hill is segmented as shown in Fig. 1. The standard PE
marches the field in range along the flat surface. POPE marches the field along the flat and curved surfaces.

COMPARISONS TO DATA

In order to verify POPE, the Terrain Masking experimental data are compared with POPE using a
realistic sound speed profile. The Terrain Masking experiment was performed in the vicinity of Instrument
Hill at White Sands Missile Range, New Mexico, during the period 27-28 July 1991. To use POPE, a hill
shape is required which fits Instrument Hill as closely as possible. Figure 2 shows that the POPE hill and
Instrument Hill fit very closely. Two trial cases are selected for the comparisons: Trial 172405 and trial

204405. - The reference microphone was mounted 3 m above the top of the hill. 87
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Trial 172405

The helicopter was hovering 10 m high above the ground surface, 200 m away from the south base of
Instrument Hill. Figure 3 shows the comparison at 10 Hz and Fig. 4 shows the comparison at 21 Hz. They
show reasonable agreement with each other.

Trial 204405

The helicopter was hovering 17 m above the south base of Instrument Hill. Figure S5 shows the
comparison of the POPE prediction and data at 10 Hz. Figure 6 shows the comparison at 53 Hz.

The comparisons with experimental data indicate that POPE is a good tool for predicting non-line of
sight sound propagation outdoors where the source is located at the base of a hill or far away from a hill.

DISCUSSIONS AND CONCLUSIONS

Generally, the data and POPE show that the sound level along the masked side of the hrll decreases
_ linearly and the sound level along the flat surface beyond the base of the hill stays approximately constant or

decreases slowly At some frequencxes along the ﬂat surface, the sound level fluctuates with distance. In the
followmg, consider two different sections of the hill: the hﬂlsrde and the flat surface beyond the base of the
hill.

A creeping wave was mtroduced in the residue senes solunon3 for propaganon over'a cdwed surface.
The creeping wave propagates over a curved surface within the shadow : reglon correspondmg to the hidden -

~ side over the top of a convex curved surface. The ground 1rnpedance rnode was introduced for a wave - - -
_propagating along the ground in the normal mode solution? in a downward refractmg atmosphere which
corresponds to the concave surface along the hillside. Therefore, the creepm g wave propagates and couples

into a gound unpedance mode along the hldden side of a hilk:

Sl

, The sheddmg of rays f from the creeping wave can reach the ground surface beyond the base of the hill,
but the ground impedance mode propagates parallel t Tat surface Therefore, the total ﬁeld along this
surface is determmedr b; the superposition of raysWhlch have been shed from the creeping wave and a wave - -
along the ground beyond the base of the hill. If the sheddmg rays and the wave along the flat surface are in

_ phase, the field level 1s_1ncreased at around 100 m beyond the north base of the hill as shown in Figs. 3

through 6. The POPE calculanon 1n F1g 7 shows a deep interference mlmmurn resultmg from the shedding
rays and the wave along the surface at around 570 m. : :

Wt

We conclude thatrPOPE predlcts the hehcopter noxse propaganon overa lull Further the POPE

calculanons and expenmental data explam the physwal mechanisms for sound propaganon over a hill.
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Figure 1. Segmenting a 30 meter hill for comparison with conformal mapping.
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Figure 2. Elevation versus range for POPE-hill and Instrument Hill.
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Figure 3. Comparison of Terrain Masking experimental data with POPE calculation at 10 Hz when helicopter

hovers 10 m above the ground surface 200 m from the south base of Instrument Hill.
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Figure 4. Comparison of Terrain Masking experimental data with POPE calculation at 21 Hz when helicopter
hovers 10 m above the ground surface 200 m from the south base of Instrument Hill.
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Figure 5. Comparison of Terrain Masking experimental data with POPE calculation at 10 Hz when helicopter
hovers 17 m above the south base of Instrument Hill.
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Figure 6. Comparison of Terrain Masking cxpenmcntal data with POPE calculauon at 53 Hz when hehcopter 7
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hovers 17 m above the south base of Instrument Hill."
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re 7. Comparison of Terrain Masking experimental data with POPE calculation at 115.7 Hz.
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